Abstract. Using H i absorption alone, we attempt to separate H i absorption lines in quasar spectra into two categories; HDLs (Higher Density Lines) and LDLs (Lower Density Lines), and we discuss the difference in their physical properties. We deblend and fit all H i lines with Voigt profiles, and make an unbiased sample of H i lines covering a wide column density range (12 < log N H I < 19 cm −2 ). To reduce the influence of line blending, we simultaneously fit several Lyman series lines. As a result of a two-point correlation analysis, we found that higher column density H i lines are clustering at ∆v < 200 km s −1 , while lower ones at ∆v < 100 km s −1 . We define HDLs as H i lines with 15 < log NH I < 19 cm −2 and all H i lines within ±200 km s −1 of a line with log NH I > 15 cm −2 , and LDLs as others with 12 < log NH I < 15 cm −2 . We found that the HDLs have smaller minimum b-values for a given column density than the LDLs. This difference is successfully reproduced by our hydrodynamic simulation. The LDLs seem to be cool or shock-heated diffuse IGM gas, while the HDLs are likely to be cooler dense gas near to galaxies.
Introduction
Quasars have been used as background sources, allowing the study of objects that lie between us and them, most of which produce Lyα absorption lines. Samples of H i absorption lines usually contain (i) H i lines originating in the intergalactic diffuse gas, and (ii) H i lines produced near or in intervening galaxies. The former could be weak H i lines, widely distributed as the Lyα forest (hereafter we call these "LDLs" or "Lower Density Lines"), whereas the latter are likely to be strong H i lines clustered as metal absorption lines (hereafter we call these "HDLs" or "Higher Density Lines"). HDLs are thought to be caused by discrete clouds. On the other hand, LDLs probably arise from photoionised IGMs in the continuous density fields that are broadened by Hubble flow (e.g. Rauch 1998; Kim et al. 2002) . However, one of the most serious problems in such an analysis is that the Lyα absorption lines are so heavily blended with each other that it is difficult to separate and fit them individually.
Data analysis
We attempt to fit all H i lines with Voigt profiles, construct an unbiased sample of H i lines over a wide column density range (12 < log N H I < 19 [cm −2 ]), and investigate their physical parameters, such as column density, Doppler parameter, and clustering H I gas in higher density regions of the IGM 455 properties. In order to separate the heavily blended (strong) H i lines and fit them individually with Voigt profiles, we use not only the Lyα line but also higher Lyman series lines, such as Lyβ and Lyγ, to improve the fitting accuracy ( Fig. 1) . We apply this fitting method to 40 quasar spectra with resolutions of 8.0 km s −1 acquired with the Keck HIRES. We have an unbiased sample of 973 H i lines in 61 systems, where a system means line clustering within 1,000 km s −1 . As a result of a two-point correlation analysis, we found that higher column density H i lines with log N H I 15 are clustering at ∆v < 200 km s −1 , while lower ones are at ∆v < 100 km s −1 . We therefore define HDLs as H i lines with 15 log N H I < 19 [cm −2 ], although the value of log N H I = 15 is not strict. These strong H i lines may also be accompanied by weak H i lines that are physically associated with them. In fact, metal absorption lines sometimes have a core-halo structure; the strongest line is at the centre of the absorption system, whereas the weak lines exist almost symmetrically on both sides of the strong one (e.g. Lu et al. 1996; Prochaska et al. 2001 (Misawa et al. 2004) .
Discussion
The LDLs seem to be cool or shock-heated diffuse IGM gas, while the HDLs are likely to be cooler dense gas near to galaxies. When we think about H i clouds in the cold dense phase, the effect of radiative cooling must be taken into consideration. Such dense clouds with log N H I 17 (i.e. LLSs and DLA systems) can shield themselves against the background UV flux (i.e. the shielding effect). A similar effect may happen in the low column density clouds if they are located near the high column density clouds (i.e. the shadowing effect). These effects are important at least at z 6 (Nakamoto, Umemura & Susa 2001), although they have not yet been evaluated quantitatively at lower redshift because of the more complex situation after the formation of the first stars and quasars. Zhang, Anninos & Norman (1995) also pointed out the importance of the shielding effect, though they did not include the effect in their simulation, and nor did we here. If plenty of H i gas is preserved, the cooling of H i gas becomes very effective in regions in photoionisation equilibrium (H i line cooling is the most effective cooling factor at T ∼ 10 4 K), which could lower the temperature, and decrease the value of the minimum Doppler parameter. We speculate that both of these effects play important roles in accounting for the difference of the H i distributions in the log N -b plane between LDLs and HDLs.
